Our aim was to determine the frequency of hypertension in the Hungarian stroke population, and to compare it with the data of other stroke registries. We attempted to find characteristic cluster-like associations between hypertension and another nine risk factors in different stroke subtypes and to ascertain the role of hypertension in leukoaraiosis, in early mortality, in stroke recurrence and in the case fatality rate up to 10 years. Risk factor profile of 500 unselected acute stroke cases of the Budapest Stroke Data Bank were analysed. We compared data of hypertensive stroke patients to those of unaffected ones. LIFEREG procedure of the SAS software package, cluster analysis, logistic regression, Pearson's correlation coefficient and Student's t-test were used as statistical methods. Hypertension was documented in 75% of the patients. The largest clusters were formed by the following groups: atherosclerotic
Introduction
In Hungary, the annual number of new stroke cases is about 400/100 000 inhabitants, while this rate is 155 in Germany, 170 in the UK, 130 in France, and 223 in Spain (calculated from overall incidence of stroke). 1 Hypertension is the most powerful, but a modifiable risk factor for stroke. Its incidence and its concomitance with other risk factors, viz. its clustering tendency in the stroke subtypes can vary. These associations are very important, eg the coexistence of diabetes mellitus doubles the cardiovascular stroke, hypertension with ischaemic heart disease; lacunar stroke and haemorrhage, hypertension with elevated serum cholesterol, cardiogenic embolism, ischaemic heart disease with atrial fibrillation. The case fatality rate was significantly higher in the group of hypertensive patients with ischaemic heart disease relative to those without it during the 10 years follow-up period. In the leukoaraiosis-group, systolic blood pressure was significantly higher than in the non-leukoaraiosis group. The rate of hypertension was higher than in other stroke registries. Hypertension appears to be the most frequent risk factor in stroke patients but case fatality rate is determined by presence or absence of ischaemic heart disease. events, cardiovascular mortality and total mortality in hypertensive patients. 2 Our aim was to determine the frequency of hypertension in the Hungarian stroke population and to compare it with the data of other stroke registries. Moreover we wanted to find characteristic clusterlike associations between hypertension and other risk factors in different stroke subtypes, and to ascertain the role of hypertension in leukoaraiosis, in early mortality and in the case fatality rate during a follow-up period up to 10 years.
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Patients and methods
Five hundred consecutive, unselected, acute stroke cases of the Budapest Stroke Data Bank (BpSDB), a hospital based registry, have been collected and analysed on the basis of the National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) Stroke Data Bank (SDB) questionnaire. 3, 4 Our patients were admitted between 1990 and 1996. The diagnosis was based on clinical evaluation, using the World Health Organization criteria, 5 and the diagnosis was confirmed by CT and/or autopsy in all the patients. The cases of subarachnoid haemorrhage were not included. The case fatality rates were calculated by the published schema. 4 The following set of data were analysed: age, sex, functional status (measured using a modified Barthel index, the SDB Stroke Severity Scale, and the Glasgow Coma Scale), and leukoaraiosis on the CT. 3, 4 The following 10 risk factors have been analysed: (1) hypertension, (2) ischaemic heart disease (IHD), (3) elevated serum triglycerol (у2.0 mmol/L), (4) hypercholesterolaemia (serum cholesterol у5.3 mmol/L), (5) diabetes mellitus, (6) smoking, (7) peripheral artery disease, (8) elevated haematocrit (HTC у0.5; repeatedly in condition of normovolaemia), (9) elevated platelet count (у300 G/L), and (10) atrial fibrillation (AF).
The diagnosis of hypertension was established if patients were already treated with antihypertensive therapy at the time of admission or diagnosed during the hospital stay (diastolic blood pressure value Ͼ90 mm Hg and/or systolic blood pressure Ͼ160 mm Hg measured repetitively, after the acute phase of stroke) or at least one of the following cases was evident: hypertensive retinopathy, left ventricular hypertrophy, or abnormal renal function. 6 (The other causes of renal impairement or left ventricular hypertrophy were excluded before being attributed to hypertension.) Patients with transient hypertension detected subsequently to the acute phase of stroke were not diagnosed as hypertensive. Diagnosis of IHD was based on ECG, autopsy or both. Diabetes mellitus was defined as treatment with antidiabetic drugs or insulin before and/or after the index stroke.
We have regarded patients as smokers if they had smoked for 30 years or more or they were smoking in the last 5 years before their stroke. Diagnosis of peripheral artery disease was made by Doppler ultrasonography documentation, history of intermittent claudication or previous arterial intervention.
Beside the well known risk factors, drinking habits of our patients have also been registered. Alcohol consumption was estimated from the regular intake during the 2 years before the index stroke. Abstainers, moderate drinkers (alcohol intake Ͻ60 g/day) and heavy drinkers (alkohol intake у60 g/day) were discriminated.
We dichotomized our patients into two groups, whether they had hypertension or not. Within these groups, we determined the rate of risk factors, the number of patients in the four main stroke subtypes, previous transient ischaemic attack (TIA) and repeated strokes, leukoaraiosis, the number of patients with early death (28-days case fatality rate), the case fatality rates up to 10 years, and the primary cause of death.
The risk factor profile was registered in the aetiological subgroups (atherosclerotic stroke-cardiogenic embolism-lacunar stroke-haemorrhage and other) and the results were compared with each other (the 'other' group was not used in this comparison). Further we compared data of patients possessing a certain risk factor with data of patients without any. We tried to identify clusters or associations of risk factors in different stroke subtypes. Results of our data bank have been compared with those of other stroke registries. In our study, we included not only the mathematically significant differences but also those that were not significant but interesting from other point of view.
We applied the usual statistical methods for the analysis of the groups of patients created from different aspects. Pearson's correlation coefficient was used for statistical analysis. Student's t-test was used, at the level of P Ͻ0.05, to characterise and quantify differences between the groups. Relative risk (RR) and odds ratio were used at 95% confidence interval (CI) in case of categoric data. Data, recorded at the admittance of the patients and during the follow-up period, were examined in details by using the method of the survival analysis. For this evaluation, the LIFEREG procedure of the SAS software package was used. Logistic regression was applied to analyse the significance of the risk factors in discrimination of the subgroups using the SAS CATMOD procedure. The full model for logistic regression consisted of 12 factors (sex, drinking habits and the 10 risk factors itemised before). To determine the frequency of the different risk profiles a special DELPHI programme was developed.
Results
Hypertension was the most frequent risk factor (as high as 75%) among our stroke patients.
The other risk factors in decreasing frequency are listed below: secholesterol у5.3 mmol/L in 68%; IHD in 61%; se-triglycerol у2 mmol/L in 39%; smoking in 38%; diabetes mellitus in 30%; atrial fibrillation in 12%; peripheral artery disease in 10%; HTC у0.5 in 7%; and platelet count у300 G/L in 7%. The rate of heavy drinkers was 5%, and the rate of moderate drinkers was 25%.
In the hypertensive group of patients lacunar stroke and diabetes mellitus were significantly more frequent than among normotensive patients, while cardiogenic embolism occurred more frequently in the normotensive group. Concerning the other examined factors (age, previous TIAs, repeated stroke, case fatality rate, cause of death, and leukoaraiosis) we could not find significant differences between hypertensive and normotensive groups (Table 1) .
Among patients with elevated se-triglycerides concomitance of hypertension was 80%, and among those with normal level of se-triglycerides was 72% (RR: 1.1; 95% CI: 1.006-1.24). In cases with elevated se-cholesterol, hypertension eventuated in 79% and in the group with normal se-cholesterol level, its rate was 68% (RR: 1.2; 95% CI: 1.013-1.423). As high as 85% of patients with diabetes mellitus also had hypertension, however its rate among patients free from diabetes mellitus was only 70% (RR: 1.2; 95% CI: 1.103-1.332).
Among patients with leukoaraiosis, prevalence of hypertension was 80%, while among patients without leukoaraiosis it was 75%. In cases with leukoaraiosis, average systolic blood pressure was 171 ± 31 mm Hg at the admission, however in cases without leukoaraiosis it was 163 ± 34 mm Hg (P Ͻ 0.04). (At the same time the difference of diastolic blood pressure was not significant; 98 ± 18 mm Hg vs 95 ± 19 mm Hg.)
According to the aetiological based subgroups, haemorrhage (9.4% of all the patients), atherosclerotic stroke (49.4%), lacunar stroke (27%), cardiogenic embolism (10.6%), and 'others' (3.6%) were distinguished. Among patients with haemorrhage, hypertension was registered in 83%, followed by elevated se-cholesterol in 63%, IHD in 53% and the rate of regular drinkers was 37%. The most important clusters were in this subgroup: hypertension + elevated se-cholesterol (in 51%) and hypertension + IHD (in 47%) ( Table 2) . As high as 28% of the patients had three risk factors simultaneously (Figure 1 ).
In the lacunar stroke subgroup, the rate of hypertension was encountered in 82%. The other most
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In the atherosclerotic stroke subgroup, incidence of hypertension was 77%, followed by elevated secholesterol (69%), IHD (64%), rate of regular smokers (44%), and elevated se-triglycerol (41%). The most common clusters were hypertension + IHD (50%), and hypertension + elevated se-cholesterol (49%). Relative to the other ones, the highest rate of peripheral artery disease (14%) was recorded in this group (Table 2) . Simultaneously three risk factors were registered in 27% of the patients and seven risk factors were found in 2% (Figure 1) .
In contrast to the former ones, in the cardiogenic embolism subgroup, high blood pressure was not the main risk factor (its rate was only 51%), but we could find IHD in 85%, and atrial fibrillation in 72%. The most important cluster was IHD + atrial fibrillation in 66% of the patients (Table 2) . Simultaneously four risk factors were registered in 28% of the patients (Figure 1) .
To discriminate the subgroups on the basis of the occurrence of risk factors, hypertension played the main role in distinction between cardiogenic embolism and atherosclerotic stroke, and between cardiogenic embolism and lacunar stroke. The other major distinctive risk factors are IHD (between cardiogen embolism and haemorrhage, and between cardiogenic embolism and lacunar stroke), atrial fibrillation (between cardiogenic embolism and atherosclerotic stroke, and between atherosclerotic and lacunar strokes), and elevated platelet count (between haemorrage and atherosclerotic stroke) ( Table 3) .
Considering case fatality rates during the 10 years follow-up period, including also the early cases (during the first 28 days), we could register significantly higher fatality rates in hypertensive patients affected by ischaemic heart disease than in the uneffected population (Table 4) .
Discussion
It is difficult to compare our results with the data of other stroke registries (Table 5) as most of them are not homogenious, eg Hamburg Stroke Data Bank includes not only strokes but also TIAs. 7 Other registries include ischemic strokes only, eg Berliner Schlaganfalldatenbank, 8 Yonsei Stroke Regitry, 9 or San Diego SDB. 10 The index years differ (range from 1971 to 1996), as well, and our SDB is a hospitalbased one. However, it is conspicuous that among our patients the rate of hypertension is much higher than in the other registries. Occurence of hypertension in the Austrian Stroke Prevention Study is only the half of its occurrence in the BpSDB. 11 Higher rates are found only in the Osijek and Novosibirsk stroke population. 12, 13 In our patients, occurrence of hypertension is as high as 75%. In the Hisayama Study, the relative risk for stroke mortality was 10-fold higher in hypertensive subjects aged Ͻ60 years than normotensive subjects of similar age, and it was three-fold higher in hypertensive subjects aged у60 years.
14 At the same time, antihypertensive treatment effectively reduces the risk of stroke in hypertensive patients. Recent studies report a 37% reduction in the odds of having an ischaemic stroke, and a 54% reduction in the odds of having a haemorrhagic stroke during a 4.5 years follow-up period, when the patients with antihypertensive drugs were treated. 15 This fact suggests that early detection and treatment of this risk factor is essential for the prevention of stroke in Hungary.
The number of simultaneously registered multiple risk factors was very high in our cohort, three or four risk factors together characterised the majority of patients in all the subtypes. The highest number of simultaneous risk factors was seven in one patient. The case must draw our attention to the Hungarian population's state of health.
The most frequent clusters in all of the stroke subtypes, except cardiogenic embolism were hypertension + IHD and hypertension + elevated se-cholesterol, while in the cardiogenic embolism subgroup the IHD + AF cluster was the main one. In addition to the main clusters in the haemorrhage subgroup, regular alcohol intake was the highest, however, in the atherosclerotic subgroup smoking and elevated se-triglycerol also proved to be the characteristic risk factors.
Association of high level of triglycerides, hypercholesterolaemia, diabetes mellitus and hyperten- sion in a relative large number of patients could reflect the syndrome of metabolic-X. 16 The possible cause of the strong connection between hypertension, hypercholesterolaemia, and high level of triglycerides could be the role of apolipoprotein E in ischaemic cerebrovascular disease, as confirmed by numerous genetic studies. [17] [18] [19] [20] We have failed to confirm those results that hypertension plays a significant role in the development of leukoaraiosis [21] [22] [23] [24] but we could find a significant connection between occurrence of leukoaraiosis and systolic blood pressure at the admission, in agreement with other studies. 25, 26 Both in the hypertensive and non-hypertensive groups, the main primary cause of death was cardiogenic. The case fatality rates were significantly lower among those hypertensive patients without IHD than in the hypertensive patients affected, throughout the follow-up period.
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In conclusion, among our stroke patients, hypertension is the most frequent risk factor but the case fatality rate is determined by the presence or absence of ischaemic heart disease.
